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Niobium Sintered Body, Production Method therefor, and 
Capacitor Using the Same 

CROS S - REFERENCE TO RELATED APPLICATIONS 

This application is based on the provisions of 35 
U.S.C. Article 111(a) with claiming the benefit of filing 
dates of U.S. provisional application Serial No. 60/233,438 
filed on September 18, 2000 under the provisions of 35 
U.S.C. 111(b), pursuant to 35 U.S.C. Article 119(e) (1). 

TECHNICAL FIELD 

The present invention relates to a niobium sintered 
body that can provide a preferable leakage current value in 
spite of the large capacitance, a production method 
therefor, and a capacitor using the sintered body. 

BACKGROUND ART 

Capacitors for use in electronic apparatus such as 
portable telephones and personal computers are required to 
be small in size and large in capacitance. Of those 
capacitors, a tantalum capacitor is preferably used, 
because the capacitance is large, not in proportion to the 
size, and the tantalum capacitor also has good 
characteristics. The tantalum capacitor usually employs a 
sintered body of tantalum powder as an anode. In order to 

■ 

increase the capacitance of the tantalum capacitor, it is 
necessary to increase the mass of the sintered body. 

The increase in mass of the sintered body inevitably 
enlarges the shape of the capacitor, so that the 
requirement for a small-sized capacitor is not satisfied. 
One approach to solve these problems is a capacitor using a 
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material which has a greater dielectric constant than 
tantalum. One material which has such a greater dielectric 
constant is niobium. 

Japanese Laid-Open Patent Application No. 55-157226 
5 discloses a method for producing a sintered element for a 
capacitor. This method comprises the steps of subjecting a 
niobium powder ranging from an agglomerate to fine 
particles with a particle diameter of 2.0 pm or less to 
pressure molding and sintering, finely pulverizing the 

10 molded sintered body, connecting a lead to the finely 
pulverized particles of the sintered body, and thereafter 
sintering the connected body again. However, the above- 
mentioned application does not describe detailed 
characteristics of the obtained capacitor. 

15 United States Patent No. 4,084,965 discloses a 

capacitor using a niobium powder with a particle diameter 
.of 5.1_ pm obtained ; from - a niobium ingot through 
hydrogenation and pulverizing. However, the niobium 
sintered body has a high LC value, so that the 

20 serviceability of the niobium sintered body is regarded as 
poor. 

The inventors of the present invention have already 
proposed to improve the leakage current characteristics 
(hereinafter referred to as an LC value) of niobium by 

25 partially nitriding the niobium and the other like manners 
(Japanese Laid-Open Patent Application No. 10-242004, 
United States Patent No. 6,115,235). The LC value can be 
further decreased, for example, by increasing the sintering 
temperature in the preparation of the above-mentioned 

30 niobium sintered body. However, with the increase of 
sintering temperature, a product of a capacitance per unit 
mass of the obtained sintered body and a forming voltage to 
form a dielectric on the surface of the sintered body 
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(hereinafter abbreviated as a CV value) becomes smaller. 
As a result, it is difficult to achieve the final goal, 
that is, to obtain a well-balanced niobium sintered body 
having a high CV value and a low LC value. When a 
capacitor is made from a niobium sintered body which has 
been prepared only with an aim to obtain a high CV value, 
there is a problem that a capacitor having an exceptionally 
large LC value will be produced* 

Therefore, an object of the present invention is 
providing a niobium sintered body with a preferable leakage 
current value (LC value) in spite of the large capacitance, 
a production method therefor, and a capacitor using the 
above-mentioned sintered body. 

DISCLOSURE OF THE INVENTION 

The inventors of the present invention have 
intensively studied the above-mentioned problems, and found 
an unprecedented sintering method suitable for niobium 
powder used for capacitors where the niobium powder is 
allowed to stand at a maximum sintering temperature for 
predetermined time, and then accomplished the present 
invention. 

Namely, the present invention provides the following 
niobium sintered body, a production method therefor, and a 
capacitor using the sintered body. 

[1] A niobium sintered body prepared by sintering a niobium 
powder, wherein a product (CV) of a capacitance (C : UF/g) 
per unit mass and a forming voltage (V : volt(V)) is 90,000 
UF/g or more, and a value obtained by dividing a product 
of a mean particle diameter (D 50 : V> m) of a primary 
particle of the niobium powder and a leakage current (LC : 
J^A/g) by the CV value is 5 x 10" 4 pm'iiA/(yiF-V) Q r less. 
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[2] The niobium sintered body as described in the above- 
mentioned aspect [ 1 ] , wherein the niobium powder is 
partially nitrided. 

[3] The niobium sintered body as described in the above - 
5 mentioned aspect [2], wherein a nitrogen content in the 
niobium powder is within a range of 20 mass ppm to 200,000 
mass ppm. 

[4] The niobium sintered body as described in the above- 

* 

mentioned aspect [3], wherein a nitrogen content in the 
10 niobium powder is within a range of 500 mass ppm to 7,000 
mass ppm. 

[5] A method for producing a niobium sintered body 
comprising the step of sintering a niobium powder at high 
temperature, wherein the niobium powder is sintered at a 

15 temperature of 500° C to 2,000°C and allowed to stand at a 
maximum sintering temperature for 60 minutes to 150 minutes. 
[6] A method for producing a niobium sintered body as 
described in the above-mentioned aspect [5], wherein the 
niobium powder is sintered at a temperature of 900° C to 

20 1500° C and allowed to - stand at a maximum sintering 
temperature for 80 minutes to 130 minutes. 

[7] The method for producing the niobium sintered body as 
described in the above-mentioned aspect [5] or [6], wherein 
the niobium powder is granulated to have a primary particle 

25 with a mean particle diameter of 3 pm or less. 

[8] The method for producing the niobium sintered body as 
described in the above-mentioned aspect [7], wherein the 
niobium powder is granulated to have a primary particle 
with a mean particle diameter of 3 pm to 0.1 pm. 

30 [9] The method for producing the niobium sintered body as 
described in any one of the above-mentioned aspect [5] to 
[8], wherein the niobium powder is partially nitrided. 
[10] The method for producing the niobium sintered body as 
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described in the above-mentioned aspect [9] # wherein a 
nitrogen content in the niobium powder is within a range of 
20 mass ppm to 200,000 mass ppm. 

[11] The method for producing the niobium sintered body as 
described in the above-mentioned aspect [10], wherein a 
nitrogen content in the niobium powder is within a range of 
500 mass ppm to 7,000 mass ppm. 

[12] A capacitor comprising an electrode comprising the 
niobium sintered body as described in any one of the above- 
mentioned aspect [1] to [4], a dielectric provided on the 
surface of the sintered body, and a counter electrode 
provided on said dielectric. 

[13] The capacitor as described in the above-mentioned 
aspect [12], wherein the dielectric comprises niobium oxide 
formed by electrolytic oxidation. 

[14] The capacitor as described in the above-mentioned 
aspect [12], therein the counter electrode comprises at 
least one material selected from the group consisting of an 
electrolytic solution, an organic semiconductor, and an 
inorganic semiconductor. 

[15] The capacitor as described in the above-mentioned 
aspect [14], wherein the counter electrode comprises the 
organic semiconductor, which is selected from the group 
consisting of an organic semiconductor comprising 
benzopyrroline tetramer and chloranil, an organic 
semiconductor comprising as the main component 
tetrathiotetracene, an organic semiconductor comprising as 
the main component tetracyanoquinodimethane, and an organic 
semiconductor comprising as the main component an 
electroconducting polymer prepared by doping a polymer 
having at least two repeat units represented by general 
formula (1) or (2) with a dopant: 
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10 



15 



20 



25 



30 




(1) 




(2) 



wherein R 1 to R 4 which may be the same or different each 
independently represents a hydrogen atom, an alkyl group 
having 1 to 6 carbon atoms, or an alkoxyl group having 1 to 
6 carbon atoms; X represents an oxygen atom, a sulfur atom, 
or a nitrogen atom; and R 5 , which is present only when X is 
a nitrogen atom, represents a hydrogen atom or an -alkyl 
group having 1 to 6 carbon atoms, and R 1 and R 2 , and R 3 and 
R 4 may be independently combined to form a ring. 
[16] The capacitor as described in the above-mentioned 
aspect [15], wherein the organic semiconductor is at least 
one material selected from the group consisting of 

polypyrrole, poly thlophene , and substituted derivatives 
thereof . 



EMBODIMENT OF THE INVENTION 

One embodiment for obtaining a sintered body according 
to the present invention will be explained. 

A niobium powder serving as a raw material for 
preparing a sintered body may have a primary particle with 
a mean particle diameter of 3 pm or less, preferably within 
a range of 3 pm to 0.1 pm. When the mean particle diameter 
exceeds 3 pm, the niobium powder is not preferable because 
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it is difficult to obtain a sintered body having high CV 
characteristics and low LC characteristics, that is one of 
the objects of the present invention . 

The mean particle diameter herein used is a value D 50 
(a particle diameter when the mass percentage reaches 50% 
by cumulative distribution by mass), which is measured 
using a particle size distribution measuring apparatus 
(trademark "Microtrac" ) . The niobium powder having such a 
mean particle diameter can be prepared, for example, by 
reducing potassium f luoroniobate with a sodium, by 
subjecting a hydride of a niobium ingot to pulverizing and 
dehydrogenation, or by subjecting niobium oxide to carbon 
reduction. When the niobium powder is prepared by 
subjecting a hydride of a niobium ingot to pulverizing and 
dehydrogenation, a niobium powder with a desired mean 
particle diameter can be obtained by adjusting the degree 
of hydrogenation in the niobium ingot and the pulverizing 
time by a pulverizer. 

The niobium powder of the present invention may have 
the above-mentioned mean particle diameter, and preferably/ 
partially nitrided. In this case, the nitrogen content of 
the nitrided powder is within a range of 20 mass ppra to 
200,000 mass ppm (Hereinafter, the term "mass ppm" will be 
simply referred to as "ppm" . ) . 

A sintered body is prepared from the above-mentioned 
niobium powder, and a dielectric is formed on the surface 
of the sintered body to be described later. When the LC 
value is measured in an aqueous solution of phosphoric acid, 
it is preferable that the nitrogen content is 500 ppm to 
7,000 ppm, and more preferably 500 ppm to 4,000 ppm in 
order to provide a niobium sintered body of which the 
leakage current value (LC) can be lowered in spite of the 
large capacitance. The nitrogen content herein used is the 
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amount resulting from chemical nitriding, not from 
adsorption by the niobium powder and physical doping into 
the niobium powder. 

The niobium powder can be nitrided by any of, or in 
5 combination of liquid nitriding, ion nitriding, and gas 
nitriding. Of these methods, the gas nitriding of niobium 
powder under a nitrogen gas atmosphere is preferred because 
the apparatus is simple and the operation is easy. For 
example, the gas nitriding can be achieved by allowing the 

10 aforementioned niobium powder to stand in an atmosphere of 
nitrogen gas. In this case, a niobium powder having a 
desired nitrogen content can be obtained by allowing the 
niobium powder to stand for 60 hours or less at 
temperatures of 2,000° C or less. The processing time can 

15 be shortened by increasing the processing temperature. 

The nitrogen content in the niobium powder can be 
controlled by verifying the temperature and the time for 
nitriding in preliminary experiments after measuring the 
particle diameters of particles to be subjected to 

20 nitriding. — 

The above-mentioned niobium powder may be granulated 
to have an adequate shape before use, or the granulated 
powder may be mixed with an appropriate amount of a niobium 
powder not undergoing granulation. Any conventional 

25 granulating methods can be used. For example, a niobium 
powder not undergoing granulation is allowed to stand at 
high temperatures under vacuum to cause agglomeration and 
solidification, and thereafter the agglomerate is subjected 
to disintegration. Alternatively, after a specific binder 

30 is mixed with a niobium powder not undergoing granulation, 
the resultant mixture is subjected to disintegration. In 
the latter case, the niobium powder and the binder may be 
kneaded using a solvent when necessary, and in this case, 
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disintegration is carried out after the kneaded mixture is 
dried. As the binder, poly(vinyl alcohol) or acrylic resin 
is usually employed. The solvent may be selected from the 
group consisting of acetone, alcohols, esters such as butyl 
5 acetate, water, and the like. 

The niobium powder thus granulated may have a mean 
particle diameter of 300 pm or less, preferably 200 pm or 
less, and more preferably in the range of 200 p to 1 pm. 

A sintered body of niobium powder according to the 

10 present invention can be produced by sintering the 
aforementioned niobium powder. For instance, the sintered 
body can be produced by subjecting the niobium powder to 
pressure molding to have a predetermined shape, and heating 
the pressure -molded article to temperatures of 500° C to 

15 2000° C, preferably 900° C to 1500° C under the pressure of 
1.33xl0" 4 to 1.33xl0 2 Pa (Pascal), in a condition that a 
niobium sintered body ±s.i, allowed— to stand at a maximum 
sintering temperature for 60 minutes to 150 minutes, 
preferably for 80 minutes to 130 minutes. 

20 Here, the maximum sintering temperature of niobium 

sintering body means maximum temperature in the range of 
the sintering temperature condition. The above-mentioned 
maximum sintering temperature may have a variation within a 
temperature control width of ±25° C in the sintering 

25 apparatus, and may be determined by spontaneously 
controlling the temperature to have a wave form such as a 
square wave, pulse wave, or triangular wave within a 
temperature width of ±50° C with respect to the preset 
maximum temperature. 

30 The lower limit of the sintering temperature depends 

on the mean particle diameter of the niobium powder. For 
example, the smaller the mean particle diameter of the 
niobium powder, the lower the lower limit of the sintering 
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temperature. 

When the sintering temperature is changed with the 
mean particle diameter being the same, the sintered body 
produced at low sintering temperatures shows a high LC 
5 value although the CV value can increase. Such a sintered 
body cannot stand the practical use as a material for use 
in a capacitor. In the present invention, however, even if 
the sintering temperature is low, the niobium sintered body 
may be allowed to stand at a maximum sintering temperature 

10 for 60 minutes to 150 minutes, preferably for 80 minutes to 
130 minutes, which is preferable to obtain niobium sintered 
body for use in a capacitor. As a result, the CV value can 
be increased to 90,000 jiF'V/g or more and the LC value can 
be decreased. In other words, a value of D 50 - LC/CV, that is, 

15 a measure of the LC properties in light of the mean 
particle diameter of the niobium powder and the CV value, 
can be decreased to 5 x 10"* pm-pA/(]iF* V) or less. 

In general, the LC/CV value represents an LC value per 
unit surface area. When the niobium powders constituting 

20 the respective sintered bodies have different particle 

diameters, it is considered that the LC values of the 
sintered bodies are changed even though the surface areas 
of the niobium powders are the same. This is because the 
niobium powders are different in surface shape. The above- 

25 mentioned D 50 - LC/CV value is a measure of the LC properties 
with the surface shape being taken into consideration. 
When a capacitor is produced using a sintered body having a 
D 50 -LC/CV value of greater than 5 x 10" 4 pm»pA/ (pF*V) , there 
is the possibility that the capacitor will show an 

30 exceptionally high LC value, which is not desired. 

No niobium sintered body having such a high 
capacitance and a low LC as desired can be obtained when 
the niobium powder is allowed to stand at a maximum 
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sintering temperature for less than 60 minutes, or more 
than 150 minutes. 

The manufacture of a capacitor will now be described. 
The capacitor of the present invention comprises said 
5 niobium sintered body as one electrode, a dielectric 
provided on a surface thereof, and a counter electrode 
provided on the dielectric. 

A lead wire with an appropriate shape and length made 
of a metal with a valve action, such as niobium or tantalum, 

10 is integrally molded with the niobium powder in the course 
of the above-mentioned pressure molding of niobium powder 
so that a part of the lead wire may be inserted into the 
molded article. Namely, assembling is carried out so that 
the lead wire can serve as a leader from the sintered body. 

15 It is preferable to employ a dielectric comprising 

niobium oxide as the dielectric of the capacitor according 

to the present invention. The niobium oxide used in the 

present invention is a general term for "an oxide of 
niobium" . The number of oxygen atoms bonded to the niobium 

20 atom is not limited. For example, the oxides of niobium 
include Nb 2 0 5 , Nb0 2 , NbO x (X is in a range of 1.0 to 2.5). 

The dielectric comprising niobium oxide can be easily 
obtained, for example, by subjecting the niobium sintered 
body serving as the one electrode to chemical treatment in 

25 an electrolyte. For the chemical treatment of the niobium 
electrode in an electrolyte, an aqueous solution of a 
protic acid, such as a 0.1% aqueous solution of phosphoric 
acid or sulfuric acid is commonly used. When the niobium 
electrode is subjected to chemical treatment in the 

30 electrolyte to obtain a dielectric comprising niobium oxide, 
an electrolytic capacitor can be provided with the niobium 
electrode serving as an anode. 

The counter electrode for use in the capacitor of the 
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present invention is not particularly limited. For example, 
at least one material (compound) selected from the group 
consisting of an electrolyte conventionally known in the 
aluminum electrolytic capacitor industry , an organic 
semiconductor, and an inorganic semiconductor is preferably 
employed. 

Specific examples of the electrolyte include a mixed 
solution of dimethylformamide and ethylene glycol in which 
an electrolyte of isobutyltripropylammonium 

borotetraf luoride is dissolved in an amount of 5% by mass, 
and a mixed solution of propylene carbonate and ethylene 
glycol in which an electrolyte of tetraethylammonium 
borotetraf luoride is dissolved in an amount of 7% by mass. 

Specific examples of the organic semiconductor include 
an organic semiconductor comprising benzopyrroline tetramer 
and chloranil, an organic semiconductor comprising as the 
main component tetrathiotetracene, an organic semiconductor 
comprising as the main component tetracyanoquinodimethane , 
and an organic semiconductor comprising as the main 
component an electroconducting polymer prepared by doping a 
polymer having at least two repeat units represented by the 
following general formula (1) or (2) with a dopant: 









R 3 




(1) 



30 




(2) 
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wherein R 1 to R 4 which may be the same or different each 
represents independently a hydrogen atom, an alkyl group 
having 1 to 6 carbon atoms, or an alkoxyl group having 1 to 
6 carbon atoms; X represents an oxygen atom, a sulfur atom, 
5 or a nitrogen atom; and R 5 , which is present only when X is 
a nitrogen atom, represents a hydrogen atom or an alkyl 
group having 1 to 6 carbon atoms, and R 1 and R 2 , and R 3 and 
R 4 may be independently combined to form a ring. Any 
conventional dopant can be used as the above-mentioned 
10 dopant. 

Examples of the polymer having a repeat unit 
represented by general formula (1) or (2) in number of 2 or 
more are polyaniline , polyoxyphenylene , polyphenylene 
sulfide, poly thiophene , polyfuran, polypyrrole , 

15 polymethylpyrrole, and substituted derivatives and 
copolymers thereof. Of those polymers, polypyrrole, 
polythiophene , and the substituted derivatives thereof such 
as poly(3, 4-ethylenedioxothiophene) are preferable. 

Specific examples of the inorganic semiconductor 

20 include an inorganic semiconductor comprising as the main 
component lead dioxide or manganese dioxide, and an 
inorganic semiconductor comprising tri-iron tetroxide. 
Those semiconductors may be used alone or in combination. 

When the organic or inorganic semiconductor having an 

25 electric conductivity of 10" 2 S'cm" 1 to 10 3 S'cm' 1 is used, 
the impedance of the obtained capacitor becomes smaller, so 
that the capacitance can be further increased at high 
frequencies . 

When the counter electrode is solid, an 
30 electroconducting layer may be formed thereon to improve 
the electrical contact with an external lead such as a lead 
frame. 

The electroconducting layer may be formed by 
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solidification of an electroconducting paste, plating, 
metal deposition, or formation of a heat-resistant 
electroconducting resin film. As the electroconducting 
paste, silver paste, copper paste, aluminum paste, carbon 
5 paste, nickel paste, and the like are preferable. Those 
pastes may be used alone or in combination. When two or 
more electroconducting pastes are used, the pastes may be 
mixed together or laminated as separate layers. Once the 
electroconducting paste is applied, the paste is allowed to 

10 stand in the atmosphere or is heated for solidification. 
With respect to the plating, nickel plating, copper plating, 
silver plating, aluminum plating, and the like are used. 
For the metal deposition, aluminum, nickel, copper, silver, 
and the like can be employed. 

15 To be more specific, a capacitor is constructed in 

such a manner that an aluminum paste and a silver paste are 
successively overlaid on the second electrode, and 
thereafter sealing is carried out using a material such as 
an epoxy resin. The capacitor may be provided with a 

20 niobium or tantalum lead that is integrally molded and 
sintered together with the niobium sintered body, or welded 
later. 

The capacitor of the present invention with such a 
structure as mentioned above can be used for various 

25 applications when the capacitor is sheathed with a resin 
mold, resin case, metallic case, resin dipping, or 
laminated- film. 

When the counter electrode is liquid, the capacitor 
composed of the electrodes and the dielectric is held in a 

30 can electrically connected to the counter electrode. In 
this case, the electrode using the niobium sintered body is 
designed to be externally led out via the niobium or 
tantalum lead, and be insulated from the can with an 
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electrical insulating rubber or the like. 

When the capacitor is produced using the niobium 
sintered body prepared by the method of the present 
invention, the capacitor with a large capacitance and good 
5 leakage current characteristics can be obtained. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The present invention will now be explained more 
specifically with reference to the examples and comparative 

10 examples, but is not particularly limited to the following 
examples. In the following examples and comparative 
examples, a nitrogen content in a powder, a capacitance of 
the sintered body, a leakage current value (LC value) of 
the sintered body, and a capacitance of the capacitor 

15 processed into a .chip capacitor are measured by the method 
described below. 

(1) Nitrogen content in the powder 

The amount of nitrogen in the powder was measured 
using an apparatus for determination of oxygen and nitrogen 
20 based on thermal conductivity, made by LECO corporation. 
The nitrogen content was expressed by the ratio of the 
amount of nitrogen to the weight of the powder separately 
measured. 

(2) Capacitance of the sintered body 

25 The sintered body was subjected to chemical treatment 

in a 0.1% aqueous solution of phosphoric acid at 80° C for 
200 minutes to form a dielectric on the surface of the 
sintered body. The above-mentioned sintered body immersed 
in a 30% aqueous solution of sulfuric acid and a tantalum 

30 electrode in the sulfuric acid solution were connected with 
an LCR measuring apparatus W LCR meter" made by Hewlett 
Packard Co . , Ltd . , to measure the capacitance at room 
temperature. The capacitance at 120 Hz was regarded as a 

- 15 - 



WO 01/82318 



PCT/JP01/03389 



capacitance of the sintered body. 
(3) Leakage current value (LC value) of the sintered body 
The dielectric was formed as mentioned above(2). Then, 
a direct current voltage that was 70% of the forming 
voltage applied to form the dielectric was continuously 
applied for 3 minutes between the above-mentioned sintered 
body immersed in a 20% aqueous solution of phosphoric acid 
and an electrode in the phosphoric acid solution at room 
temperature. The current value measured three minutes 
later was regarded as a leakage current value of the 
sintered body. 

(4) Capacitance of the capacitor processed into a chip 
capacitor 

The capacitance of the capacitor processed into a chip 
capacitor was a value measured at 120 Hz and at room 
temperatures using the LCR meter made by Hewlett Packard 
Co., Ltd.: The leakage current value was a current value 
measured after the application of a rated voltage for 1 
minute. 

-In the following examples and reference examples, each 
of the CV and LC values was an average value measured from 
20 capacitors. 

Examples 1 to 3 and Comparative Examples 1 to 4: 

A niobium powder with a mean particle diameter of 1 pm 
obtained by subjecting potassium f luoroniobate to sodium 
reduction was allowed to stand at 1050° C under vacuum of 
1.33 x 10" 4 Pa for 20 minutes. Thereafter, the niobium 
powder was granulated by disintegration to have a mean 
particle diameter of 150 pm. The granulated powder was 
allowed to stand at 300° C in a stream of nitrogen for 1.5 
hours, thereby obtaining a partially nitrided niobium 
powder with a nitrogen content of 1600 ppm by mass. The 
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niobium powder thus obtained was molded together with a 
niobium lead wire with a diameter of 0.3 mm (!) , so that a 
1.8 mm x 3.5 mm x 4.5 mm molded article was produced in 
such a configuration that a part of the lead wire with a 
5 length of 3.5 mm was in the molded article and the other 
part with a length of 6 mm was outside. A plurality of 
these articles (20 x 18 units) were sintered at a maximum 
sintering temperature of 1150° C under the application of a 
pressure of 1.33 x 10" 4 Pa, with the sintering time being 

10 changed as shown in TABLE 1, thereby obtaining sintered 
bodies. Each sintered body was subjected to chemical 
treatment in a 0.1% aqueous solution of phosphoric acid at 
80° C under the application of a voltage of 20 V for 200 
minutes to deposit a dielectric of niobium oxide on the 

15 surface of the sintered body. 

TABLE 1 shows the CV value, LC value, and D 50 -LC/CV 
value of each of the sintered bodies . Further, a 1:1 
mixture of a 30% aqueous solution of lead acetate and a 30% 
aqueous solution of ammonium persulfate was brought into 

20 contact with the dielectric 20 times at 40° C, whereby a 
mixture of lead dioxide (in an amount of 97% by mass) and 
lead sulfate was deposited as the counter electrode. 
Thereafter, a carbon paste and a silver paste were 
successively overlaid on the counter electrode, followed by 

25 sealing with an epoxy resin. Thus, a capacitor was 
produced. TABLE 3 shows the capacitance of each of the 
produced capacitors (with a size of 7.3 mmx 4.3 ramx 2.8 
mm) and the LC value obtained by the application of a 
voltage of 6.3 V. Those values are average values taken 

30 from 20 capacitors in each Example, provided that the 
capacitors having LC values of more than 100 pA are omitted. 
The number of such omitted capacitors is also shown in 
TABLE 3. 
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Examples 4 to 6 and Comparative Examples 5 to 8: 

A niobium powder with a mean particle diameter of 0.7 
pm obtained from a hydride of a niobium ingot through 
5 pulverizing and dehydrogenation was allowed to stand at 
950° C under vacuum of 1.33 x 10" 4 P a for 20 minutes. 
Thereafter, the niobium powder was granulated by 
disintegration to have a mean particle diameter of 120 pm. 
The granulated powder was allowed to stand at 300° C in a 

10 stream of nitrogen for 1.5 hours, thereby obtaining a 
partially nitrided niobium powder with a nitrogen content 
of 2000 ppm by mass. The nitrided niobium powder was 
molded in the same manner as in Comparative Example 1, and 
sintered at a maximum sintering temperature of 1050° C under 

15 the application of a pressure of 1.33 x 10' 4 Pa, with the 
sintering time being changed as shown in TABLE 1, thereby 
obtaining sintered bodies. ^ Each sintered body was 
subjected to chemical treatment in the same manner as in 
Comparative Example 1, and the CV value, LC value, and 

20 D 50 'LC/CV value were measured. TABLE 1 shows the above- 
mentioned values. The procedure of bringing a 1:1 mixture 
of a 10% aqueous solution of ammonium persulfate and a 0.5% 
aqueous solution of anthraquinone sulfonic acid into 
contact with the dielectric, and exposing the dielectric to 

25 a pyrrole gas was repeated at least 5 times, whereby a 
counter electrode of polypyrrole was deposited. Then, a 
capacitor was produced in the same manner as in Comparative 
Example 1. TABLE 3 shows various values of the capacitor. 

30 Comparative Examples 9 to 12: 

A sintered body and a capacitor were produced in the 
same manner as in Comparative Example 1 except that the 
maximum sintering temperature was changed as shown in TABLE 
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2. TABLE 2 and TABLE 4 show various values of each of the 
sintered bodies and the capacitors. 

TABLE 1 





Sintering 
lime uninj 


CV 

. \//rr\ 


LC 

\\lt\/ g) 


D 50 • LC/CV 


Comparative 
hxample 1 


20 


95000 


60 


. 6.3 x 10" 4 


Comparative 
Example 2 


40 


97000 


50 


5.1 x 10' 4 


Example 1 


80 


97000 


45 


4.6 x 10" 4 


Example 2 


100 


95000 


OA 

30 


O 1 ~ 1 A"4 

3.1 X 1U 


Example 3 


130 


90000 


OA 

30 


r> O 1 A~4 

3.3 x 1U 


Comparative 
Example 3 


200 


82000 


25 


3.0 x 10" 4 


Comparative 
Example 4 


400 


60000 


20 


3.3 x 10" 4 


Comparative 
example o 


20 


140000 


135 


6.7 x lO' 4 " 


Comparative 
Example 6 


40 


152000 


110 


5.1 x 10" 4 


Example 4 


80 


150000 


90 


4.2 x 10" 4 


Example 5 


100 


145000 


80 


3.8 x 10" 4 


Example 6 


130 


120000 


75 


4.4 x 10" 4 


Comparative 
Example 7 


200 


89000 


70 


5.5 x 10" 4 


Comparative 
Example 8 


400 


80000 


65 


5.7 x 10 -4 
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TABLE 2 





Maximum 
Sintering 
Temp(° C) 


CV (pF-V/g) 


LC 
(pA/g) 


D 50 -LC/CV 
(pun • pMpF • V)) 


Comparative 
ExamDle 9 


950 


130000 


290 


2.2 x 10" 3 


Comparative 
Example 10 


1050 


110000 


130 


1.2 x 10" 3 


Comparative 
Example 11 


1250 


73000 


25 


3.4 x 10 -4 


Comparative 
Example 12 


1350 


45000 


10 


2.2 x 10" 4 


Comparative 
Example 1 


1150 


95000 


60 


6.3 x 10' 4 
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Capacitance 
(pF) 


LC CuA) 


The Number of Samples with 
LC of more than 100 pA 


Comparative 
Example 1 


420 


35 


1/20 


Comparative 
Example 2 


430 


32 


1/20 


Example 1 


432 


15 


0/20 


Example 2 


426 


10 


0/20 


Example 3 


400 


13 


0/20 


Comparative 
Example 3 


355 


11 


0/20 


Comparative 
Example 4 


260 


9 


0/20 


Comparative 
Example 5 


624 


55 


1/20 


Comparative 
Example 6 


672 


49 


1/20 


Example 4 


668 


25 


0/20 


Example 5 


640 


20 


0/20 


Example 6 


530 


18 


0/20 


Comparative 
Example 7 


382 


18 


0/20 


Comparative 
Example 8 


347 


15 


0/20 

• 



- 21 - 



0182318A2 I > 



WO 01/82318 PCT/JPO 1/03389 



TABLE 4 





Capacitance 
(]iF) 


LC (]iA) 


The Number of Samples with 
LC of more than 100 pA 


Comparative 
Example 9 


560 


62 


2/20 


Comparative 
Example 10 


481 


58 


2/20 


Comparative 
Example 11 


309 


10 


0/20 


Comparative 
Example 12 


188 


8 


0/20 


Comparative 
Example 1 


420 


35 


1/20 



When the results of Comparative Example 1 are compared 
with those of Comparative Example 9 to 12, it is found that 
as the sintering temperature increases, the CV value 
5 decreases although the LC value becomes better, which 
drastically lowers the capacitance of the capacitor. As is 
apparent from the values concerning the capacitors in 
Examples 1 to 6, the well-balanced capacitors with respect 
to the LC value and the CV value, more specifically, the 

10 capacitors including no capacitor with an LC value of more 
than 100 pA and having a capacitance of 400 pF or more can 
be obtained when the sintering is carried out at a maximum 
sintering temperature for 80 minutes to 130 minutes, and 
using a niobium powder provided with a CV value of 9 0,000 

15 pF-V/g or more, and a D S0 -LC/CV value of 5 x 10" 4 
pm«pA/(pF-V) or less. 

INDUSTRIAL APPLICABILITY 

The niobium sintered body of the present invention is 
20 completed after being sintered at a temperature of 500° C to 
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2000° C and allowed to stand at a maximum sintering 
temperature for 60 minutes to 150 minutes in the course of 
preparation of the sintered body and characterized in that 
a product (CV) of a capacitance (C) per unit mass and a 
forming voltage (V) is 90,000 )iF*V/g or more, and a value 
obtained by dividing a product of a mean particle diameter 
(D 50 ) of a primary particle of said niobium powder and a 
leakage current (LC) by said CV is 5 x 10" 4 iim-iiA/(iiF*V) or 
less . 

The capacitor comprising niobium sintered body of the 
present invention can be a well-balanced capacitor with 
respect to the capacitance and the LC value, that is, a 
highly reliable capacitor. 
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CLAIMS 

1. A niobium sintered body prepared by sintering a 
niobium powder, wherein a product (CV) of a capacitance 

5 (C x ll P/g) per unit mass and a forming voltage (V : 

volt(V)) is 90,000 l± F/g or more, and a value obtained by 

dividing a product of a mean particle diameter (D 50 : Mm) 
of a primary particle of the niobium powder and a leakage 
current (LC : ll A/g) by the CV value is 5 x 10"* 
10 iim*iiA/ (|iF- V) or less. 

2. The niobium sintered body as claimed in claim 1, 
wherein the niobium powder is partially nitrided. 

3. The niobium sintered body as claimed in claim 2, 
wherein a nitrogen content in the niobium powder is within 

15 a range of 20 mass ppm to 200,000 mass ppm. 

4. The niobium sintered body as claimed in claim 3, 
wherein a nitrogen content in the niobium powder is within 
a range of 500 mass ppm to 7,000 mass ppm. 

5 . A method for producing a niobium sintered body 
20 comprising the step of sintering a niobium powder at high 

temperature, wherein the niobium powder is sintered at a 
temperature of 500° C to 2000° C and allowed to stand at a 
maximum sintering temperature for 60 minutes to 150 minutes. 

6. A method for producing the niobium sintered body 
25 as claimed in claim 5, wherein the niobium powder is 

sintered at a temperature of 900° C to 1500° C and allowed to 
stand at a maximum sintering temperature for 80 minutes to 
130 minutes. 

7. The method for producing the niobium sintered 
30 body as claimed in claim 5 or 6, wherein the niobium powder 

is granulated to have a primary particle with a mean 
particle diameter of 3 inn or less. 
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8. The method for producing the niobium sintered 
body as claimed in claim 7 \ wherein the niobium powder is 
granulated to have a primary particle with a mean particle 

diameter of 3 p to 0.1 p. 
5 9. The method for producing the niobium sintered 

body as claimed in any one of claims 5 to 8, wherein the 
niobium powder is partially nitrided. 

10. The method for producing the niobium sintered 
body as claimed in claim 9, wherein a nitrogen content in 

10 the niobium powder is within a range of 20 mass ppm to 
200,000 mass ppm. 

11. The method for producing the niobium sintered 
body as claimed in claim 10, wherein a nitrogen content in 
the niobium powder is within a range of 500 mass ppm to 

15 7,000 mass ppm. 

12. A capacitor comprising an electrode comprising 
the niobium sintered body as claimed in any one of claims 1 
to 4, a dielectric provided on a surface of the sintered 
body, and a counter electrode provided on the dielectric. 

20 13. The capacitor as claimed in claim 12, wherein the 

dielectric comprises niobium oxide formed by electrolytic 
oxidation. 

14. The capacitor as claimed in claim 12, wherein the 
counter electrode comprises at least one material selected 

25 from the group consisting of an electrolytic solution, an 
organic semiconductor, and an inorganic semiconductor. 

15. The capacitor as claimed in claim 14, wherein 
the counter electrode comprises the organic semiconductor, 
which is selected from the group consisting of an organic 

30 semiconductor comprising benzopyrroline tetramer and 
chloranil, an organic semiconductor comprising as the main 
component tetrathiotetracene, an organic semiconductor 
comprising as the main component tetracyanoquinodime thane , 
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and an organic semiconductor comprising as the main 
component an electroconducting polymer prepared by doping a 
polymer having at least two repeat units represented by 
general formula (1) or (2) with a dopant: 



5 



10 




15 

wherein R 1 to R 4 which may be the same or different each 
independently represents a hydrogen atom, an alkyl group- 
having 1 to 6 carbon atoms, or an alkoxyl group having 1 to 
6 carbon atoms; X represents an oxygen atom, a sulfur atom, 

20 or a nitrogen atom; and R 5 , which is present only when X is 
a nitrogen atom, represents a hydrogen atom or an alkyl 
group having 1 to 6 carbon atoms, and R 1 and R 2 , and R 3 and 
R 4 may be independently combined to form a ring. 

16. The capacitor as claimed in claim 15, wherein the 

25 organic semiconductor is at least one material selected 
from the group consisting of polypyrrole, polythiophene, 
and substituted derivatives thereof. 



- 26 - 



BNSDOCID: <WO. 



,0182318A2J_> 



» * 

t 

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(1 9) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
1 November 2001 (01.11.2001) 




PCT 



Willi! 




(10) International Publication Number 

WO 01/82318 A3 



(51) International Patent Classification 7 : H01G 9/052 



(21) International Application Number: PCT/JP0 1/03389 



(22) International Filing Date: 20 April 2001 (20.04.2001) 



(25) Filing Language: 

(26) Publication Language: 



English 



English 



(30) Priority Data: 

2000-121244 
60/233,438 



21 April 2000 (21.04.2000) JP 
1 8 September 2000 ( 1 8.09.2000) US 



(71) Applicant (for all designated States except US): SHOWA 
DENKO K.K. [JP/JP]; 13-9, Shiba Daimon 1-chome, Mi- 
nato-ku, Tokyo 105-8518 (JP). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): NAITO, Kazumi 
[JP/JP] ; do Central Research Laboratory,, Showa Detiko 
K.K., l-l,Ohnodai 1-chome, Midori-ku„ Chiba-shi, Chiba 
267-0056 (JP). KABE, Isao [JP/JP]; do Central Research 
Laboratory, Showa Denko K.K., 1-L Ohnodai 1-chome, 
Midori-ku, Chiba-shi, Chiba 267-0056 (JP). 



(74) Agents: OHIE, Kunihisa et ah: Ohie Patent Office, 
Horiguchi No. 2 Bldg. 7F, 2-6, Hihonbashi-Ningyocho 
2-chome. Chuo-ku, Tokyo 103-0013 (JP). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EE, ES, FL GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, KE, KG, KR. KZ, LC, LK, LR, LS. 
LT. LU, LV. MA, MD, MG, MK, MN, MW, MX, MZ, NO, 
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU. TJ, TM), European 
patent (AT, BE. CH, CY, DE, DK, ES, Fl, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

(88) Datejif publication of the international search report: 

13 June 2002 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

oo " — 

(54) Title: NIOBIUM SINTERED BODY, PRODUCTION METHOD THEREFOR, AND CAPACITOR USING THE SAME 

OO (57) Abstract: A niobium sintered body which is prepared in such a manner that a niobium powder is sintered at a temperature of 
500°C to 2000°C and allowed to stand at a maximum sintering temperature for 60 minutes to 150 minutes in the course of sintering. 

^ The niobium sintered body of the present invention is characterized in that a product (CV) of a capacitance (C) per unit mass and 
a forming voltage (V) is 90,000 uF V/g or more, and a value obtained by dividing a product of a mean particle diameter (D 50 ) of a 

Q primary particle of said niobium powder and a leakage current (LC) by said CV is 5 x 10" 4 u.m|iA (u,PV) or less. And there can be 

^ provided a well-balanced capacitor with respect to a preferably low leakage current value regardless of the large capacitance, that is, 

^ a highly reliable capacitance. 



BNSDOCID: <WO. 



,0182318A3_I_> 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01G9/052 



Inter 'onaJ Application No 

PC1/JP 01/03389 



According to International Patent Cl assification (IPC) or to bolh national classification and IPC 
B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H01G B22F C22C C22B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Electronic data base consulted dunng the international search (name ol data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 



p,x 



Citation ol document, with indication, where appropriate, ot the relevant passages 

WO 00 56486 A (CABOT CORP) 
28 September 2000 (2000-09-28) 
page 12, line 8 - line 14 
page 12, line 24 - line 26 

W0 00 08662 A (SHIMOJIHA ATSUSHI ;NAIT0 
KAZUMI (JP); SH0WA DENK0 KK (JP)) 
17 February 2000 (2000-02-17) 
& EP 1 137 021 A (SHOWA DENK0 KABUSHIKI 
KAISHA) 26 September 2001 (2001-09-26) 
paragraph '0012! 
paragraph '0015! 
paragraph" '0019! 

paragraph '0026! - paragraph '0028! 

-/-- 



Relevant to claim No. 



l 



1-16 



m 



Further documents are listed in the continuation ot box C. 



Patent family members are listed in annex. 



0 Special categories ol cited documents : 

•A* document defining the general slate of the art which is nol 
considered to be of particular relevance 

•E' earlier document but published on or after the international 
I it in g date 

V document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

■p" document published prior to the international filing dale but 
later than the priority date claimed 



*V later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X" document of particular relevance; the claimed invention 
cannot be considered novel or cannol be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious lo a person skilled 
in the art. 

'&* document member of the same patent family 



Date of the actual completion of the international search 



24 October 2001 



Date of mailing ot the international search report 

31/10/2001 



1 



Mame and mailing address of the ISA 

European Patent Office. P.B. 5818 Palentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Goossens, A 



Form PCT/5SA/210 {second sheet) (July 1992) 



page 1 of 2 



DOCID: <WO_ 



_0182318A3J_> 



INTERNATIONAL SEARCH REPORT 



Inter 'onal Application No 

PCl/JP 01/03389 



(^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 


Citation ol document, with indlcatlon.where appropriate, of the relevant passages 


Relevant to claim No. 


A 


US 6 051 044 A (FIFE JAMES A) 
18 April 2000 (2000-04-18) 
column 2, line 1 - line 12 
column 2, 1 ine 21 - 1 ine 29 
column 4, line 9 - line 17 
column 4, line 23 - line 39 

example 1 

example 3 


1-5,9-12 



Form PCT/ISA/2 10 (continuation of second sheet) (July 1992) 



page 2 of 2 

<WO 01 8231 8A3J_> 



INTERNATIONAL SEARCH REPORT 

.formation on patent family members 



Patent document 
cited in search report 



Publication 
date 



Inter 'onal Application No 

PCI / JP 01/03389 



Patent family 
member(s) 



Publication 
date 



WO 0056486 


A 


28- 


-09- 


•2000 


AU 


3755400 


A 


09-10-2000 












WO 


0056486 


Al 


28-09-2000 


WO 0008662 


A 


17- 


-02- 


•2000 


All 


5065099 


A 


28-02-2000 












EP 


1137021 


Al 


26-09-2001 












WO 


0008662 


Al 


17-02-2000 












TW 


430833 


8 


21-04-2001 


US 6051044 


A 


18- 


-04- 


•2000 


AU 


3780499 


A 


23-11-1999 












CN 


1307725 


T 


08-08-2001 












EP 


1082739 


Al 


14-03-2001 












WO 


9957739 


Al 


11-11-1999 



Form PCT/ISA/210 (patenl family annex) (July t992) 
: <WO 0182318A3_L> 



